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______________________________________________________________________________________ 
Abstract 
Mangosteen peel (MP), an agricultural by-product of tropical countries, has been reported to contain 
condensed tannins and saponins, which can affect rumen microbes to reduce enteric methane emission. In 
the present study, the effects of mangosteen peel on in vitro ruminal fermentation, gas production, methane 
production, fatty acid biohydrogenation, and microbial population were investigated. Results showed that MP 
at medium and high levels (25 % and 50 % replacing alfalfa) were able to reduce (P <0.05) in vitro methane 
production without affecting volatile fatty acid (VFA) production and the pH of the substrate. The lowering 
effect of MP on methane production was because of suppression of the rumen microbial populations, 
especially total protozoa and total methanogens. MP at the higher level (50%) reduced (P <0.05) the 
amounts of biohydrogenation for linoleic acid (C18:2n-6), α-linolenic acid (C18:3n-3) and the total C18 
unsaturated fatty acids (UFA) owing to the reduction of the Butyrivibrio fibrisolvens population, that is, the 
most important rumen microorganism involved in the biohydrogenation process. In conclusion, mangosteen 
peel has potential to be used in ruminant livestock feeds, with the advantage of reducing ruminal methane 
production and biohydrogenation, without adverse effects on ruminal pH and VFA production.  
______________________________________________________________________________________ 
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The rumen houses billions of microbes, predominantly bacteria, protozoa and fungi. It is a suitable 
place for microbes to multiply because of its anaerobic environment, good mixing of inner materials, and 
constant pH and temperature. Microbes in the rumen help cellulose and carbohydrate digestion to simple 
sugars and VFAs to be used by the host (Frandson et al., 2009). Other abundant products of microbial 
digestion in the rumen are carbon dioxide, methane and ammonia (Hobson, 1997). Important cellulolytic 
bacteria of the rumen include Ruminococcus albus, Ruminococcus flavefaciens and Fibrobacter 
succinogens (Faseleh Jahromi et al., 2013). Rumen protozoa consist mainly of Entodinium, Holotrichs, 
Spirotrichs, Methanobacterium ruminantium and Methanosarcina barkeri, of which the latter two are 
important rumen methanogens (Faseleh Jahromi et al., 2013). 
Ruminant enteric fermentation is responsible for 15 % to 20 % of global methane emissions (Crutzen 
et al., 1986; Bhatta et al., 2015; Buccioni et al., 2015), which is approximately 4 % of total greenhouse gas 
production (FAO, 2010). In addition, methane produced during ruminal fermentation causes a loss of 11 % to 
13 % of digestible energy (McDonald et al., 2002). Hence, many techniques have been attempted over the 
years to reduce methane production by ruminants, usually employing dietary manipulation, for example 
dietary supplementation of antibiotics, halogenated compounds, oils, organic acids, propionate precursors, 
direct-fed microbials, bacteriocins, vaccines and secondary metabolites of plants. 
In addition, owing to high levels of fatty acid biohydrogenation in the rumen, ruminant products usually 
contain high levels of saturated fatty acids (SFA) and low levels of polyunsaturated fatty acids (PUFA) 
(Morimoto et al., 2005). Because of increased consumer awareness of the effects of diet on their health, 
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researchers have attempted to alter the fatty acid profile of ruminant meat products to reduce SFA and 
increase PUFA by lowering biohydrogenation in the rumen, with some success in lamb (Rajion et al., 2001) 
and chevon (Ebrahimi et al., 2011).  
Many tropical plants and their extracts, which normally contain high or medium levels of secondary 
metabolites, have been used in ruminant feeds, and have been shown to affect the rumen fermentation 
process and end-products by altering the rumen microbial populations. For example, saponins and 
condensed tannins have been shown to exert a specific effect against rumen protozoa (Lu & Jorgensen, 
1987; Getachew et al., 2000; Wang et al., 2000). Alteration of the rumen microbial population can also affect 
production of methane and biohydrogenation of fatty acids in the rumen. 
Mangosteen (Garcinia mangostana L.), a native tropical fruit that is found in South East Asian 
countries such as Indonesia, Malaysia, Thailand and Vietnam, consists of the peel (exocarp), pulp and seed. 
Mangosteen peel contain condensed tannins (16.8% w/w dry matter (DM)) and saponins (10.0% w/w DM), 
which have been reported to have some effect against rumen protozoa, while the rest of the rumen biomass 
remains unaltered (Ngamsaeng & Wanapat, 2005). Hence, because of the availability and abundance of 
mangosteen in Malaysia, it could be used as a feed supplement for ruminants to reduce methane production 
and fatty acid biohydrogenation in the rumen. In the present study, the effects of mangosteen peel on in vitro 
gas production, methane production, rumen fermentation, fatty acid biohydrogenation and changes in 
microbial population were investigated.  
 
Materials and Methods 
Fresh mangosteen fruits were purchased from a local market in Serdang, Selangor, Malaysia. The fruit 
pulps were removed, and the peels were kept to prepare MP powder. The peels were dried in the oven at 60 
o
C for 72 h. After that, the dried peel were ground and filtered through a 1-mm sieve to obtain the MP 
powder. 
Total saponin content was determined according to Makkar et al. (2007), based on the vanillin-sulfuric 
acid colorimetric reaction. The results were expressed as mg diosgenin equivalent/g DM of MP. Condensed 
tannins were determined by the butanol-HCl-iron method according to Porter et al. (1985), as described by 
Jayanegara et al. (2010). In brief, 0.5 mL of the extract was mixed with 0.1 mL ferric reagent (2.0 g ferric 
ammonium sulfate in 100 mL of 2 N HCl), followed by 3 mL butanol-HCl (95:5 v/v), and the tube was 
vortexed. Subsequently, the tube was heated in a boiling water bath at 100 
o
C for 60 min. The absorbance 
was read at 550 nm.  
In the present study, three treatments were used, namely the control (C, 50% concentrate + 50% 
alfalfa without MP); medium MP (MMP, 50% concentrate + 25% alfalfa + 25% MP); and high MP (HMP, 50% 
concentrate + 50% MP). Gas production was determined by the procedure described by Fievez et al. (2005) 
with minor modifications (amount of substrate and time of carbon dioxide infusion were changed). Rumen 
fluid was collected before the morning feeding from two rumen-fistulated (Bar Diamond Inc, PO Box 60, 
Parma, Idaho, USA) goats fed an equal weight mixture of 40% concentrate and 60% alfalfa twice daily at 
08:00 and 18:00. Rumen fluid was collected in a thermos flask and transported directly to the laboratory. 
After that, the rumen fluid was filtered with four layers of cheesecloth, and stirred with a magnetic stirrer while 
being continuously flushed with carbon dioxide. Phosphate buffer (containing 28.8 g Na2HPO4.12H2O, 6.1 g 
NaH2PO4.H2O and 1.4 g NH4Cl per litre distilled water, pH 6.8) and bicarbonate buffer (containing 39.2 g of 
NaHCO3 per litre distilled water, pH 6.8) were mixed (4:1 v/v) with the filtered rumen fluid. A total of 0.25 g 
dried feed material of each treatment was added to a 100-mL calibrated syringe, and 30 mL of the rumen 
fluid mixture were also added to each syringe. All the syringes were incubated at 39 ºC for 24 h. At the same 
time, volumes of produced gas were measured after 0 h, 2 h, 4 h, 6 h, 8 h, 10 h, 12 h and 24 h incubation. At 
each reading time, the syringes were shaken carefully to ensure complete mixing of the incubated contents. 
Standard hay (University of Hohenheim, Stuttgart, Germany) with an estimated gas production of 49.61 mL/g 
DM was used to calibrate the in vitro gas production system. After 24 h in vitro incubation, samples of 
substrate were obtained from the syringes to determine methane and VFA production, using gas-liquid 
chromatography (Agilent Technologies, Agilent 7890A, Palo Alto, Calif, USA). 
After 24 h in vitro incubation, samples of gas were obtained and the concentration of methane for each 
sample was determined by injection of 500 µL gas from each syringe to the gas-liquid chromatography 
(Agilent 5890 Series Gas Chromatograph, Wilmington, Del, USA), equipped with a HP-Plot Q column (30 m 
× 0.53 mm × 40 µM) (Agilent Technologies, Wilmington, Del, USA). The carrier gas was nitrogen with a flow 
rate of 3.5 mL/min, and the temperature of the oven was set at 50 °C. Methane was detected using a thermal 
conductivity detector in 1 min of run time. Calibration was completed using standard gas prepared by Scott 
Specialty Gases (Supelco, Bellefonte, Pa, USA), which contains 1% of methane, carbon dioxide, carbon 
monoxide, oxygen and hydrogen (Faseleh Jahromi et al., 2013). 
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The amounts of VFA produced were determined according to the method of Ebrahimi et al. (2014) 
with minor modifications in the gas-liquid chromatography conditions. The details are described below. After 
sample preparation, 0.5 mL supernatant and 0.5 mL internal standard (20 mmol, 4-methylvaleric acid) were 
transferred to 2-mL glass tubes and 1 µL of each sample was injected to a gas-liquid chromatography 
(Agilent Technologies, Agilent 7890A, Palo Alto, Calif, USA) with a flame ionization detector with a Quadrex 
007 Series (Quadrex Corporation, New Haven, Conn, 06525 USA) bonded phase fused silica capillary 
column (15 m, 0.32 mm ID, 0.25 µm film thickness). The temperature of column was set at 70 to 150 ºC with 
temperature programming at the rate of 7 ºC/min increments for optimal separation. Temperature of oven, 
FID and injector were 160 ºC, 250 ºC, and 230 ºC, respectively. Nitrogen with the flow rate of 1.0 mL/min 
was used as carrier gas. Acetate (20 mmol), propionate (10 mmol) and butyrate (10 mmol) were used as 
standard solutions to identify the peaks, based on their retention times (Ebrahimi et al., 2015).  
Total fatty acids were extracted from the whole syringe content after 24 h of incubation, based on the 
method of Folch et al. (1957), modified by Rajion et al. (1985), as described by Ebrahimi et al. (2012) using 
chloroform/methanol 2:1 (v/v) containing butylated hydroxy toluene to prevent oxidation during sample 
preparation. After complete separation, the lower phase was collected in a round bottom flask and rotary 
evaporated (Laborota 4000-efficient; Heidolph, Germany) at 70
 
ºC. An internal standard, heneicosanoic acid 
(C21:0) (Sigma Chemical, St. Louis, Mo, USA), was added to each sample before transmethylation to 
determine the individual fatty acid concentration in the sample. Transmethylation of the extracted fatty acids 
to their fatty acid methyl esters (FAME) was carried out using potassium hydroxide (KOH) in methanol and 
14% methanolic boron trifluoride (BF3). The FAME were separated by gas chromatography (Agilent 7890N), 
using a Supelco SP 2560 capillary column of 100 m × 0.25 mm ID × 0.2 μm film thickness (Supelco, 
Bellefonte, Pa, USA). The amount of 1 μL was injected by an auto sampler (Agilent Auto Analyzer 7683 B 
series, Agilent Technologies, Santa Clara, Calif, USA) into the chromatograph equipped with a split/splitless 
injector and an FID. The carrier gas was nitrogen at a flow rate of 1.2 mL/min. The split ratio was 1 : 20 after 
injection of 1 μL of the FAME. The injector temperature was programmed at 250 ºC, and the detector 
temperature was 270 ºC. The column temperature programme started to run at 150 ºC, for 2 min, warmed to 
158 ºC at 1 ºC/min, held for 28 min, warmed to 220 ºC at 1 ºC/min, and then held for 20 min to achieve 
satisfactory separation. The peaks of samples were identified, and concentrations calculated based on the 
retention time and peak area of known standards (Sigma Chemical). The fatty acid concentrations are 
expressed as g/100 g of the sum of identified peaks measured in each sample. The fatty acid concentrations 
are expressed as percentage (%) of total identified fatty acids. A reference standard (mix C4-C24 methyl 
esters; Sigma-Aldrich, Inc., St. Louis, Mo, USA) and CLA standard mix (cis-9 trans-11 and trans-10, cis-12 
CLA, Sigma-Aldrich, Inc., St. Louis, Mo, USA) was used to determine recoveries and correction factors to 
determine individual FA composition. 
The biohydrogenation (BH) of PUFA was calculated by the decrease in the amounts of PUFA after 24 
h incubation from the initial PUFA at start point (0 h) of incubation as described by Jayanegara et al. (2011): 
 
Biohydrogenation (%) = [𝑃𝑈𝐹𝐴(0h) −  𝑃𝑈𝐹𝐴 (24h) ÷  𝑃𝑈𝐹𝐴(0h)] × 100 
 
PUFA (0 h): concentration (g/100g of fatty acid) of PUFA at 0 h incubation; PUFA (24 h): concentration 
(g/100g of FA) of PUFA at 24 h of incubation. 
Concentrations of ammonia were determined with the colorimetric method described by Solorzano, 
(1969), based on the standard curve of ammonium sulfate standard solution, and its relation to the intensity 
of colour produced in the samples. The intensity of developed colour was determined by measuring optical 
density of samples at 420 nm using a spectrophotometer (Spectro UV–Vis Auto, Labomed Inc., Culver City, 
Calif, USA). 
 One and half millilitres of each rumen fluid sample were used for absolute microbial quantification 
using real-time polymerase chain reaction. Total DNA was extracted from each sample with the QIA amp 
DNA Stool Mini Kit (Qiagen Inc., Valencia, Calif, USA) according to the manufacturer’s instructions. The 
extracted DNAs were stored at -20 ˚C until used. 
The quantification assay was based on the standard curve method. To prepare the standard curves, 
numbers of copies of the target genes were plotted against quantification cycle (Cq). The Cq values were 
obtained from tenfold serial dilutions of PCR products from plasmid DNA of each target microbial group (total 
bacteria, total methanogens, total protozoa or Butyrivibrio fibrisolvens). Specific primers for each group of 
target microorganisms, indicated in Table 1, were used to amplify target genes using conventional PCR. The 
PCR reaction properties have been described by Faseleh Jahromi et al. (2013). The PCR products of the 
target microorganisms were run in 1% (w/v) agarose gel, and specific bands were purified using the 
MEGAquick-spin
TM
 purification kit (iNtRON Biotechnology, Korea). The purified PCR products were then 
cloned into the PCR 2.1 TOPO vector using PCR 2.1 TOPO TA Cloning Kit (Invitrogen Ltd., USA) according 
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to the manufacturer’s instructions. The purity and concentration of plasmid DNA in each sample were 
measured with a Nanodrop ND-1000 spectrophotometer (Implen NanoPhotometer
TM
, Germany). The 
number of copies of the plasmid DNA per mL of elution buffer was calculated with this formula, which is 
available online (www.uri.edu/research/gsc/resources/cndna.html): 
 
Number of copies = Amount of DNA (𝜇g/mL) × 6.022 × 10
23
/ Length (bp) × 109 × 650  
 
Primers used to quantify the population of various groups of microorganisms are the same as those 
used to amplify target genes for standard curve preparation (Table 1). Real-time PCR was performed with 
the BioRad CFX96 Touch (BioRad, USA) using optical grade plates. The PCR reaction was performed on a 
total volume of 25 𝜇l using the iQTMSYBR Green Supermix (BioRad, USA). Each reaction consisted of 12.5 
𝜇l SYBR Green Supermix, 1 𝜇l forward primer, 1 𝜇l reverse primer, 2 𝜇l DNA samples, and 8.5 𝜇l nuclease-
free water. No-template control was included in the real-time PCR amplification to rule out cross-
contamination. These reaction conditions were applied: an initial 5-min denaturation at 94 ºC, followed by 40 
cycles of denaturation at 94 ºC for 20 s, primer annealing (annealing temperatures for primers are described 
in Table 1) for 30 s, and extension at 72 ˚C for 20 s (Navidshad et al., 2012). To confirm the specificity of 
amplification; melting curve analysis was carried out after the last cycle of each amplification; and PCR 
products were verified on a 1% (w/v) agarose gel that runs for 40 min at 80 V. The expected sizes of 
amplified fragments were presented in Table 1. 
The amplification efficiency was calculated using the following equation: 
 
𝐸 (%) = (10
−1/slope
 − 1) × 100 
 
In this equation, E is 100% if a tenfold dilution of DNA template results in a Cq difference of 3.32. Only 
the data generated from reactions with efficiency between 90 and 110% were used for further analysis. 
 
 
Table 1 Sequences, product size and annealing temperature for specific primers of the target groups of 
microbes 
 



















R CCA ACA CCT AGT ATT CAT C 
417 58 
F GYG AAG AAG TAT TTC GGT AT 
     
 
 
 All the experiments were carried out twice, each treatment in triplicate. Statistical analysis of 
experimental data was performed by the one-way analysis of variance (one-way ANOVA) procedure of 
Statistical Analysis System (SAS, 2008) version 9.2. Significantly different means were then further 
differentiated with Duncan’s multiple range test procedure. The results are presented as mean ± standard 
error of the means. Differences between means with P <0.05 were regarded as being statistically different. 
Results of microbial quantification are presented as log10 of copy number/mL.  
 
Results  
 In the present study, the total amounts of condensed tannin and saponin of MP were determined as 
16.53 and 10.71 % of DM, respectively. 
 Figure 1 shows the effect of MP on the total volume (mL) of gas production. There was no significant 
difference between the treatment groups in terms of the amount of gas produced at any reading time-point, 
although the control group produced numerically higher amounts of gas than the MMP and HMP groups. 
Similarly, there was no significant difference between the treatment groups in terms of the rate (mL/h) of in 
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vitro gas production after 24 h incubation (Figure 2). The control and HMP group showed numerically the 
highest (1.2 mL/h) and lowest (0.8 mL/h) rates of gas production, respectively.  
Figure 3 shows the effect of MP on in vitro methane production after 24 h of incubation. Results show 
a higher (P <0.05) methane production for the control group (19.9 mL methane/g DM) than the two groups 
containing MP, namely MMP (18.3 mL methane/g DM) and HPM (18.2 mL methane/g DM). In addition, the 
results showed that MP reduced (P <0.05) the amounts of produced methane per unit of total gas production 
(0.08 ± 0.01 and 0.08 ± 0.00 for the MMP and HMP groups, respectively, in comparison with 0.09 ± 0.01 for 





Figure 1 Effect of MP on the volume (mL) of in vitro gas production  
CON: 50% concentrate + 50% alfalfa without MP; MMP: 50% concentrate + 25% alfalfa + 25% MP; HMP: 





Figure 2 Effect of MP on the rate (mL/h) of in vitro gas production  
CON: 50% concentrate + 50% alfalfa without MP; MMP: 50% concentrate + 25% alfalfa + 25% MP; HMP: 



















































Figure 3 Effect of MP on in vitro methane production after 24 h incubation  
CON: 50% concentrate + 50% alfalfa without MP; MMP: 50% concentrate + 25% alfalfa + 25% MP; HMP: 
50% concentrate + 50% MP. Different letters denote significant differences at P <0.05. Error bar =1 SE 
 
 
The amounts of VFA ranged from 83.1 to 91.1 mM/mL. There was no significant difference in terms of 
production of the three measured VFAs (acetic, propionic and butyric acids), acetate/propionate ratio, and 
amounts of methane per unit of VFA production among the three treatment groups. However, the production 
of acetic acid was numerically higher for both groups containing MP compared with the control group. 
However, for propionic and butyric acid production, the control group showed numerically higher amounts 
than the two groups with MP.  
Table 2 shows the results of in vitro ammonia production after 24 h of incubation. The ammonia 
production in the rumen fluid samples did not show any significant difference among the three treatment 
groups, and ranged from 3.68 to 3.83 ppm/mL. Hence, MP had no effect on ammonia production. Results of 
changes in the pH of rumen fluid from the use of MP are presented in Table 3. The pH of rumen fluid, which 
ranged from 7.20 to 7.22, did not show any significant difference among the three treatment groups.  
 
 




Control MMP HMP 
    
Rumen pH 7.21 ± 0.01 7.20 ± 0.01 7.22 ± 0.01 
Ammonia 3.79 ± 0.04 3.68 ± 0.14 3.83 ± 0.05 
Total VFA (mM/mL) 87.18 ± 7.17 91.09 ± 4.09 83.10 ± 3.76 
Acetic (%) 56.35 ± 3.61 61.09 ± 0.26 61.09 ± 0.26 
Propionic (%) 28.28 ± 3.05 25.60 ± 0.41 25.60 ± 0.41 
Butyric (%) 15.37 ± 0.92 13.32 ± 0.56 13.32 ± 0.56 
Acetic/propionic 2.20 ± 0.03 2.39 ± 0.04 2.39 ± 0.04 
Methane/VFA (mL/mM) 0.24 ± 0.03 0.20 ± 0.02 0.22 ± 0.01 
    
VFA: volatile fatty acid; CON: 50% concentrate + 50% alfalfa without MP; MMP: 50% concentrate + 25% alfalfa + 25% 
MP; HMP: 50% concentrate + 50% MP 
 
 
Table 3 shows the percentage of biohydrogenation of oleic acid (C18:1n-9), linoleic acid (C18:2n-6), 
α-linolenic acid (C18:3n-3) and total UFA, percentage of production of vaccenic acid (C18:1 t11), c9,t11 
conjugated linoleic acid and t10,c12 conjugated linoleic acid (CLA) at 24 h of incubation. Based on the 
results, the range of biohydrogenation was from 47.2 % to 64.6 %. Although the biohydrogenation of oleic 
acid (C18:1n-9) did not show any difference (P >0.05) among the three treatment groups, MP in both levels 
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(C18:2n-6), α-linolenic acid (C18:3n-3) and the total UFA (C18). The amounts of vaccenic acid (C18:1 t11) 
production were different (P <0.05) among the three treatment groups. Production of the two isomers of CLA, 
c9,t11 and t10,c12, which are derivatives of linoleic acid, did not show any difference (P >0.05). 
 
 
Table 3 Percentage (%) of biohydrogenation and production of fatty acids after 24 h incubation (mean ± SE; 




Control MMP HMP 
    
Biohydrogenation 
   
Oleic acid (C18:1n-9) 61.0
a
 6 ± 1.83 58.0
a
 ± 1.69 59.1
a
 ± 1.24 
Linoleic acid (C18:2n-6) 64.6
 a
 ± 0.47 60.3
ab
 ± 2.76 55.1
b
 ± 2.24 
α-Linolenic acid (C18:3n-3) 56.3
 a
 ± 2.58 54.9
ab
 ± 2.84 47.2
b
 ± 2.68 
Total unsaturated fatty acids (C18) 63.1
a
 ± 0.93 59.4
 ab
 ± 2.10 56.6
b
  ± 1.29 
Production 
   
Vaccenic acid (C18:1 t11) 17.7
c
 ± 2.68 29.5
b
 ± 2.07 43.5
a
 ± 2.14 
c9,t11 conjugated linoleic acid 4.1
a
 ± 0.53 5.2
a
 ± 0.25 4.7
a
 ± 0.26 
t10,c12 conjugated linoleic acid 4.3
a
 ± 0.94 5.1
a
 ± 0.25 4.7
a
 ± 0.45 
    
a-c
 Row means with different superscripts differ significantly at P <0.05 
CON: 50% concentrate + 50% alfalfa without MP; MMP: 50% concentrate + 25% alfalfa + 25% MP; HMP: 50% 
concentrate + 50% MP 
 
 
Figure 4 shows the results of the microbial quantification assay. The high level (50%) of MP reduced 
(P <0.05) the population of total protozoa and total bacteria in comparison with the MMP and control groups. 
The MMP and control groups did not show any significant difference in terms of population of total protozoa 
and total bacteria. The population of total methanogens was reduced (P <0.05) in the two treatment groups 
containing MP compared with the control group. However, there was no significant difference between the 
populations of total methanogens in the MMP and HMP groups. The population of Butyrivibrio fibrisolvens 
was in the order of CON > MMP > HMP, with significant difference (P <0.05) between HMP and CON. 
 
Discussion 
The rumen contains millions of microbes, namely bacteria, protozoa and fungi. Interaction of these 
microbes in the rumen environment provides the ruminant with the ability to digest cellulose and 
carbohydrate to simple sugars and VFA, which can be used by the host (Frandson et al., 2009), and 
produces certain components, such as carbon dioxide, methane and ammonia (Hobson, 1997). Any change 
in the rumen environment, which could be because of changes in the diet, might cause an alteration in the 
population of the rumen resident microbes, which would lead to change in the amounts of fermentation end-
products. Among these end-products, methane is one of the most important, and has been studied 
extensively. According to the US Environmental Protection Agency (2007), ruminants produce huge volumes 
(about 80) of methane every year. Methane is considered a harmful product, not only because it is a 
greenhouse gas, but because it is responsible for losing some part (11 % to 13 %) of digestible energy 
(McDonald et al., 2002). Hence, there is continued research to find ways of mitigating methane production in 
ruminants without affecting VFA production. 
After the ban on the usage of antibiotics in livestock feeds by the European Union (OJEU, 2003) 
because of increasing risk of passing on antibiotic resistance to human pathogens, plant extracts and plant 
secondary metabolites, such as essential oils, tannins, saponins and flavonoids, to improve livestock 
productivity, has been regarded as natural alternatives to antibiotics (Cieslak et al., 2012). This strategy was 
also intended to reduce environment pollutants, including lowering methane production by ruminants, and 
decrease phosphorus and nitrogen in manure (Makkar et al., 2009).  
 
 




Figure 4 Effects of MP on the populations of total bacteria (A), total protozoa (B), total methanogens (C) and 
Butyrivibrio fibrisolvens (D) after 24 h incubation 
CON: 50% concentrate + 50% alfalfa without MP; MMP: 50% concentrate + 25% alfalfa + 25% MP; HMP: 
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As stated, the mangosteen (Garcinia mangostana), which contains secondary metabolites such as 
tannins and saponins, can affect rumen fermentation and methane production. Since mangosteen production 
is extensive, leading to high availability of the fruit in Malaysia, mangosteen peel can be regarded as a 
potential feed source or feed supplement for ruminants. In the present study, MP was compared with alfalfa 
to evaluate its effects on in vitro ruminal parameters, such as total gas, methane, VFA and ammonia 
production, and biohydrogenation of fatty acids, pH and microbial population of rumen fluid in vitro. 
Based on the results, although MP had no significant effect on total gas production, it reduced the total 
produced gas numerically. Besides, MP had no adverse effect on the pH of rumen fluid and VFA production. 
VFA production in the rumen depends on the available substrates and the microbial population of the rumen 
(Szumacher-Strabel & Cieslak, 2012). In a normal ruminal fermentation process, the gas produced is directly 
correlated to the level of VFA produced. However, in the present study, the reduction of total gas and the 
rate of gas production in the treatments containing MP, without decreasing the level of VFA produced, 
indicated that the fermentation kinetics had been shifted towards more VFA production than the that of gases 
such as methane, hydrogen and carbon dioxide. The reduced methane production (Figure 3) can be 
attributed to the lowered effect of the secondary metabolites of MP, such as saponins and condensed 
tannins on methane production. These results confirmed those of Animut et al. (2008), Tan et al. (2011) and 
Cieslak et al. (2012), who showed reduced methane emissions with tannin inclusion in cows with rumen 
cannula, rumen fistulated cattle, and goats fed increasing levels of Kobe lespedeza. In addition, the current 
results agree with those of Theodoridou et al. (2011), who incubated Sainfoin (containing condensed 
tannins) with buffered rumen fluid for 3.5 h and 24 h and observed no effect on VFA production by tannins. 
Cieslak et al. (2012), who supplemented Vaccinium vitisidaea (containing 2 g of tannins/kg dietary DM) in the 
diet of cows, reported that tannins did not have any significant effect on the VFA production. This could be 
because of the adaptation of rumen microorganisms to the tannins (Patra & Saxena, 2011). However, 
another study by Hassanat & Benchaar (2013), using various sources and concentrations of tannins on 
rumen microbial fermentation in vitro, showed that gas and total VFA production decreased as tannin 
concentration increased. This discrepancy could be owing to the usage of various types of tannins, because 
in the results obtained by Hassanat and Benchaar (2013), tannins from Valonea were the only tannin source 
that reduced methane production without affecting VFA concentration. 
It has been reported that saponins and condensed tannins may reduce methane production by 
decreasing the methanogen populations through a reduction in the numbers of protozoa, and lowering 
methanogenesis activity of protozoa associated methanogens (Hess et al., 2003; Guo et al., 2008; Tan et al., 
2011). In addition, Tavendale et al. (2005) proposed that condensed tannins reduce methane emissions from 
ruminants directly by inhibiting the growth of methanogens, and indirectly by reducing fibre digestion which 
decreases hydrogen production. Since the suppressing effect of secondary metabolites on the ruminal 
protozoa and methanogens have been already reported, the effects of MP on methane production in the 
current study could be similar to those observed in these reports. To confirm this, the present study observed 
decreased in the population of total methanogens (Figure 4). 
 Besides, MP reduced the population of total protozoa in the treatment group containing high level 
(50%) of MP compared with the control group. These results confirm the effect of secondary metabolites of 
MP on the population of rumen protozoa and methanogens. This is consistent with the results of Animut et 
al. (2008), who showed that increased levels of tannins (50, 101, 151 g/kg DM) in goat diets lowered the 
population of rumen protozoa. In another study, Cieslak et al. (2012) reported anti-protozoal effects of 
tannins (2 g tannins/kg dietary DM) in cows. However, in their experiment (Cieslak et al 2012), tannin had no 
significant effect on the populations of total bacteria and methanogens, whereas in the present study, the 
populations of total bacteria and total methanogens were reduced by using 50 % MP. This discrepancy could 
be attributed to the types of tannins, their origin and supplementation levels (Patra & Saxena, 2011).  
Saponin, a secondary metabolite, has been reported to affect ruminal conditions. Hess et al. (2003), 
who compared three saponin-rich tropical fruits (Sapindus saponaria, Enterolobium cyclocarpum and 
Pithecellobium saman) reported that only S. saponaria significantly lowered protozoal population and 
methane production, without affecting the population of methanogens, in comparison with the control group. 
In another study (Guo et al., 2008), the addition of saponins extracted from tea seeds significantly decreased 
methane production during ruminal fermentation. It also reduced the population of protozoa, but not 
methanogens.  
In the present study, the population of Butyrivibrio fibrisolvens, which are responsible for ruminal 
biohydrogenation, decreased numerically and significantly in the MMP and HMP groups, respectively, in 
comparison with the control group, which may be a result of reduced hydrogen production. However, the 
amounts of hydrogen produced were not determined in the present study.  
The reduction in the population of Butyrivibrio fibrisolvens probably caused a decrease in 
biohydrogenation of linoleic acid (C18:2n-6), α-linolenic acid (C18:3n-3) and total UFA (C18). This result 
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suggests that MP has the potential to prevent the saturation of UFA and thus increase the presence of UFA 
in the ruminant meat. To the best of the authors’ knowledge, this is the first report on the effect of 
mangosteen peel on rumen biohydrogenation.  
 Biohydrogenation in the rumen causes production of CLA isomers and vaccenic acid (C18:1 t11). The 
c9,t11 isomer of CLA, known as rumenic acid (RA), is the main isomer of CLA in products derived from 
ruminants. It is considered to have many potential human health-promoting effects (Pariza et al., 2001). RA 
can be produced by desaturating vaccenic acid in the mammary gland and other tissues. However, it is 
produced mainly in the rumen through biohydrogenation of dietary linoleic acid (C18:2n-6) by rumen 
microorganisms, especially Butyrivibrio fibrisolvens The RA is then reduced to vaccenic acid and after that to 
stearic acid (C18:0) (Palmquist et al., 2005). Accumulation of vaccenic acid in the rumen has been 
considered a means to increase the content of CLA in ruminant products(Pariza et al., 2001; Palmquist et al., 
2005). Inhibition of the rumen biohydrogenation of vaccenic acid to stearic acid leads to accumulation of 
vaccenic acid in the rumen. Recent studies have reported that this step of rumen biohydrogenation could be 
inhibited with tannins (Khiaosa-Ard et al., 2009; Vasta et al., 2009a; Vasta et al., 2009b). However, reports 
on the effects of tannins on rumen biohydrogenation are few and controversial. For instance, in vitro 
experiments (Khiaosa-Ard et al., 2009; Vasta et al., 2009a) indicate positive effects of tannins on rumen 
vaccenic acid accumulation, but in vivo studies suggest that tannins have negative effects or none 
(Benchaar & Chouinard, 2009; Cabiddu et al., 2009; Vasta et al., 2009b). In the present study, although the 
amounts of vaccenic acid significantly increased by raising the levels of MP, which indicated inhibition of 
biohydrogenation of vaccenic acid to stearic acid (C18:0), there were no significant differences among the 
three treatment groups in terms of the amounts of CLA isomers produced. 
The pH of rumen fluid is a good indicator of overall rumen function (Kay, 1983). The pH of rumen can 
range from about 8 to less than 5, based on the diet fed to ruminants. Lower pH values are normally 
observed in animals receiving concentrate diets (Slyter et al., 1964; Cerrato-Sánchez et al., 2008). Rumen 
microflora is sensitive to the rumen pH (Istasse et al., 1986). Therefore, any change in rumen pH may lead to 
huge impact on ruminal microbial composition and the digestive functions (Orskov, 2012). At a lower pH, 
VFA production is often reduced and acetic acid accumulation is increased (Dunlop & Hammond, 1965). In 
the present study, the MP had no adverse effect on pH of rumen fluid and VFA production.  
Ammonia results from amino acid deamination in the rumen, and tannins can bind to the proteins in 
the rumen and form insoluble complexes, and therefore reduce protein degradation, and decrease ammonia 
production in rumen fluid (Patra & Saxena, 2011). This would decrease nitrogen excretion in urine (Carulla et 
al., 2005), which is responsible for emissions of nitrous oxide, a potent greenhouse gas. Reduction of 
ammonia production by tannins have been reported for example by Hassanat and Benchaar (2013), who 
showed that tannin treatments reduced ammonia concentrations, indicating a reduction in ruminal protein 
degradation. However, in the present study, MP had no significant effect on ammonia production. This may 




In terms of total gas and VFA production, MP was comparable with alfalfa, with the advantage that MP 
can reduce gas production numerically per unit of VFA produced. In addition, MP reduced methane 
production, possibly by lowering the populations of total protozoa and total methanogens in comparison with 
alfalfa. Furthermore, MP reduced the percentage of biohydrogenation of UFA, probably by decreasing the 
population of Butyrivibrio fibrisolvens in comparison with alfalfa. Hence, the results suggest that the MP has 
great potential to be used in animal feed to reduce ruminal methane production and biohydrogenation, 
without adverse effects on ruminal pH and VFA production. The effects of MP on ruminal parameters of 
various ruminant hosts in vivo needs to be investigated in future. 
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